VISUAL RESTORATION AIDING DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a visual restoration aiding device for 
inducing restoration of vision. 

2. Description of Related Art 

In recent years, there have been researches about a visual restoration 
aiding device using an electrode or the like placed (implanted) in an eye to 
induce restoration of vision by electrically stimulating cells constituting a 
retina. As such visual restoration aiding device, there has been proposed, for 
example, a device designed to convert an extracorporeally photographed visual 
image to an optical signal or an electromagnetic signal, transmit the converted 
signal into the eye, and then output (pass) an electrical stimulation pulse 
signal (a stimulating electric current) through the electrode to stimulate the 
cells constituting the retina to induce visual restoration (see U.S. Patent No. 
5,935,155). In the case of inducing the visual restoration by the electrical 
stimulation pulse signal provided through the electrode, it is necessary to 
place as many electrodes as possible at high density in order to provide more 
clear vision. 

In a state that the electrodes are arranged at high density, however, 
when the electrical stimulation pulse signals are simultaneously outputted 
through adjacent electrodes, those signals are likely to interfere with each 
other. Such interference would become a factor that hinders the visual 
restoration. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the above circumstances 
and has an object to overcome the above problems and to provide a visual 
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restoration aiding device which can properly induce restoration of vision while 
preventing electrical stimulation pulse signals from interfering with each 
other even when electrodes are arranged at high density. 

Additional objects and advantages of the invention will be set forth in 
5 part in the description which follows and in part will be obvious from the 
description, or may be learned by practice of the invention. The objects and 
advantages of the invention may be realized and attained by means of the 
instrumentalities and combinations particularly pointed out in the appended 
claims. 

10 To achieve the purpose of the invention, there is provided a visual 

restoration aiding device for restoring vision of a patient, comprising: an 
electrode array having a plurality of electrodes placed on or under a retina of 
an eye of the patient for applying an electrical stimulation pulse signal to cells 
constituting the retina; a photographing unit which photographs an object to 

15 be recognized by the patient; a converting unit which converts photographic 
data transmitted from the photographing unit to data for electrical stimulation 
pulse signals; and a control unit which outputs an electrical stimulation pulse 
signal through each electrode based on the data for electrical stimulation pulse 
signals, the control unit controlling the signal output so as not to 

20 simultaneously output the electrical stimulation pulse signals through 
electrodes arranged within a distance that electrical stimulation pulse signals 
outputted through the electrodes will interfere with each other and the control 
unit switching between the electrodes used for outputting the electrical 
stimulation pulse signals and the electrodes unused for outputting the 

25 electrical stimulation pulse signals. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and constitute a 
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part of this specification illustrate an embodiment of the invention and, 
together with the description, serve to explain the objects, advantages and 
principles of the invention. 
In the drawings, 

5 Fig. 1 is a schematic structural view of a visual restoration aiding device 

in an embodiment according to the present invention; 

Fig. 2 is a schematic structural view of the visual restoration aiding 
device; 

Fig. 3 is a block view showing a control system of the visual restoration 
1 0 aiding device ; 

Fig. 4A is a plan view of an internal device; 

Fig. 4B is a cross- sectional view of the internal device taken along line 
A A in Fig. 4A; 

Figs. 5Ato 5D show an example of output control of electrodes; and 
15 Fig. 6 is a schematic structural view of an electrode array having a 

wiring circuit in an active matrix system. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A detailed description of a preferred embodiment of a visual restoration 
2 0 aiding device embodying the present invention will now be given referring to 
the accompanying drawings. Figs. 1 and 2 are schematic views of the visual 
restoration aiding device in the present embodiment. Fig. 3 is a schematic 
block diagram of a control system in the device. 

The visual restoration aiding device 1 includes an external 
25 (extracorporeal) device 10 which photographs the outside world, or captures 
surrounding images, and an internal (intracorporeal) device 20 which applies 
electrical stimulation to cells constituting a retina to induce restoration of 
vision. The external device 10 includes a visor 11 which a patient wears, a 
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photographing unit 12 such as a CCD camera which is mounted on the visor 11, 
an external unit 13, and a transmitting unit 14 including a coil, as shown in 
Figs. 1 and 2. The visor 11 is shaped like eyeglasses, which the patient wears 
in the front of his eye E. The photographing unit 12 is mounted in the front of 
5 the visor 11 and photographs an object to be recognized by the patient. 

As shown in Fig. 3, the external unit 13 includes a pulse signal 
converting unit 13a for converting photographic data (video data) transmitted 
from the photographing unit 12 to data (information) for electrical stimulation 
pulse signals and a battery 13b for supplying electric power to the visual 

10 restoration aiding device 1 (that is, the external device 10 and the internal 
device 20). The transmitting unit 14 is used for transmitting the converted 
data for electrical stimulation pulse signals by the converting unit 13a and the 
electric power for driving the internal device 20, in the form of electromagnetic 
waves, to the internal device 20 by wireless communication. The 

15 transmitting unit 14 is provided at its center with a magnet 14a. This 
magnet 14a is used for enhancing the transmitting efficiency of the 
transmitting unit 14 and also to fit the position of the transmitting unit 14 to a 
receiving unit 24 mentioned later. 

The internal device 20 includes a substrate 21 on which electrodes 23 

20 are placed for applying the electrical stimulation pulse signals to the cells 
constituting the retina Er of the eye E, an indifferent electrode 22, the 
receiving unit 24 including a coil for receiving the electromagnetic waves from 
the external device 10, a cable 25, and an internal unit 26. The receiving unit 
24 is provided at its center with a magnet 24a which is used for the same 

25 purpose as the magnet 14a of the transmitting unit 14. 

Fig. 4A is a plan view showing a schematic structure of the internal 
device 20 and Fig. 4B is a cross-sectional view of the internal device 20 taken 
along line A* A in Fig. 4A. 
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The substrate 21 is made of a flexible material having good 
biocompatibility, which is polyimide in the present embodiment. The 
substrate 21 is of a substantially long plate shape whose end (right end in Fig. 
4A) is provided, on the under surface of the substrate 21 (i.e., on the back of 
5 the drawing sheet of Fig. 4A), with a multipoint electrode array having a 
plurality of electrodes 23 arranged at predetermined intervals (at regular 
intervals) for applying the electrical stimulation pulse signals to the cells 
constituting the retina. The electrodes 23 are arranged in a honeycomb 
pattern in order to minimum the intervals between the electrodes 23 as shown 

10 in Fig. 4A, particularly, in a partially enlarged figure. This arrangement 
contributes to increase electrode placement density, thereby achieving high 
spatial resolution. In the present embodiment, a total of sixty-four electrodes 
23 in an 8 x 8 arrangement are placed on the substrate 21. 

Each electrode 23 is independently connected with a corresponding 

15 electric wire (a lead wire) 27. As shown in Fig. 4B, each electric wire 27 
connects between the associated electrode 23 and the internal unit 26 provided 
on the upper surface of the substrate 21 (i.e., on the front of the drawing sheet 
of Fig. 4A) at a base end (a left end in Fig. 4A) thereof. The internal unit 26 is 
also connected to the receiving unit 24 through the cable 25. This internal 

20 unit 26 includes a converting circuit for converting the data for electrical 
stimulation pulse signals transmitted via the receiving unit 24 to the electrical 
stimulation pulse signals and a control part which controls output of the 
electrical stimulation pulse signals through the electrodes 23. 

To place (implant) the internal device 20 (the substrate 21) constructed 

25 as above in the eye E, it is fixedly attached to the retina Er of the eye E by a 
rivet-shaped tack not shown, adhesive having good biocompatibility, etc. 

The following explanation is made on output control of the electrical 
stimulation pulse signals for visual restoration in the visual restoration aiding 
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device constructed as above. 

The external device 10 and the internal device 20 of the visual 
restoration aiding device 1 are attached to the eye E as shown in Figs. 1 and 2. 
The photographic data on an object photographed by the photographing 
5 unit 12 is converted by the signal converting unit 13a to the data for electrical 
stimulation pulse signals within a predetermined frequency band. The 
converted data is then transmitted in the form of electromagnetic waves by the 
transmitting unit 14 to the internal device 20. The data for electrical 
stimulation pulse signals includes the information about the electrodes 23 

10 needed to output the electrical stimulation pulse signals and the stimulation 
conditions such as a frequency of the electrical stimulation pulse signals to be 
outputted through the electrodes 23, an amplitude (namely, intensity of 
stimulation electric currents), and a stimulating time length. Simultaneously, 
the signal converting unit 13a converts the electric power supplied from the 

15 battery 13b to an electric power signal of a frequency band different from the 
frequency band of the data for electrical stimulation pulse signals and 
transmits it in the form of electromagnetic waves to the internal device 20. 

In the internal device 20, the receiving unit 24 receives the data for 
electrical stimulation pulse signals and the data for electric power transmitted 

20 from the external device 10 and then transmits them to the internal unit 26. 
This internal unit 26 extracts a signal of the frequency band being used for the 
data for electrical stimulation pulse signals from among the received signals. 
A signal of another frequency band is supplied as the electric power for driving 
the internal device 20. The internal unit 26 forms electrical stimulation pulse 

25 signals to be outputted through the electrodes 23 based on the extracted data 
for electrical stimulation pulse signals and output those signals through the 
electrodes 23, thereby inducing the restoration of vision. 

At this time, the internal unit 26 effects control of signal output through 



7 



the electrodes 23 so that the electrical stimulation pulse signals are not 
simultaneously outputted through adjacent electrodes of the electrodes 23. 
The internal unit 26 outputs the electrical stimulation pulse signals through 
the electrodes 23 in turn while switching between the electrodes used for 
5 outputting the electrical stimulation pulse signals and the electrodes unused 
for outputting the electrical stimulation pulse signals. The internal unit 26 
performs such control in a short time, thereby outputting the electrical 
stimulation pulse signals through all the electrodes 23 needed to output the 
electrical stimulation pulse signals for allowing the patient to recognize the 
10 object. 

Figs. 5A to 5D show an example of the output control to be executed by 
the internal unit 26 to output the stimulation pulse signals through each 
electrode 23 in turn. With reference to these figures, explanation is made on 
the case where sixteen electrodes 23 placed in a 4 x 4 arrangement (in a 

15 honeycomb pattern) are used. In relation to the shown electrode arrangement, 
it is thought that the stimulation pulse signals simultaneously outputted 
through adjacent electrodes will interfere with each other, whereas the 
stimulation pulse signals simultaneously outputted through unadjacent 
electrodes will not interfere with each other. Alphabets and numerals in the 

20 figures are used for specifying respective positions (addresses) of sixteen 
electrodes 23. 

As shown in Fig. 5A, the internal unit 26 outputs the electrical 
stimulation pulse signals simultaneously through the electrodes 23 at 
addresses of Bl, B3, Dl, and D3, which are illustrated with hatched lines. It 
25 is to be noted that the electrodes 23 through which the electrical stimulation 
pulse signals are first outputted are not limited to the above electrodes 23 at 
Bl, B3, Dl, and D3 but required to be unadjacent so that the electrical 
stimulation pulse signals are not outputted simultaneously through adjacent 



electrodes 23. After the electrical stimulation pulse signals are outputted 
through the electrodes 23 at Bl, B3, Dl, and D3 for a duration needed to 
stimulate the cells constituting the retina, the internal unit 26 stops the 
output of the electrical stimulation pulse signals through the electrodes 23 at 
5 Bl, B3, Dl, and D3. Then, the internal unit 26 similarly outputs the 
electrical stimulation pulse signals simultaneously through unadjacent 
electrodes 23 (at A2, A4, C2, and C4) other than the electrodes 23 at Bl, B3, 
Dl, and D3, as shown in Fig. 5B. After the output of the electrical 
stimulation pulse signals through the electrodes 23 at A2, A4, C2, and C4, the 

10 internal unit 26 outputs the electrical stimulation pulse signals through the 
electrodes 23 at Al, A3, Cl, and C3 as shown in Fig. 5C. After that, the 
internal unit 26 outputs the electrical stimulation pulse signals through the 
electrodes 23 at B2, B4, D2, and D4, as shown in Fig. 5D. The output of the 
electrical stimulation pulse signals through all the electrodes 23 is thus 

15 completed. To allow a patient to recognize an object, the internal unit 26 
outputs the signals through the electrodes 23 in a time division manner and 
switches (changes), with the lapse of time, the electrodes 23 used for 
outputting the electrical stimulation pulse signals. Consequently, the 
electrical stimulation pulse signals are not outputted simultaneously through 

2 0 the electrodes arranged (adjacently in the present embodiment) within a 
distance (interval) that the stimulation pulse signals outputted through such 
electrodes will interfere with each other. The stimulating electric currents 
can be prevented from interfering each other, so that restoration of vision can 
be achieved properly. The electrodes unused for outputting the electrical 

2 5 stimulation pulse signals may be kept in a high impedance condition or an 
insulated condition. 

For one recognition of an object, the switching of the electrodes 23 used 
for outputting the signals has to be fully completed within a duration during 
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which the patient can recognize one (one-frame) object by a total sum of the 
electrical stimulation pulse signals outputted in a time division manner. The 
duration to simultaneously output the electrical stimulation pulse signals 
through the unadjacent electrodes 23 is set to at least a duration needed to 
stimulate the cells constituting the retina by the electrical stimulation pulse 
signals (a duration needed to allow the patient to sense vision). 

In order to allow the patient to recognize a moving image without frame 
dropouts, the converting rate of the object to be recognized is preferably 24 to 
30 frames or more (24 to 30 Hz or more) per second as with a frame rate for a 
movie. Accordingly, to allow the patient to recognize the object of one frame, 
it is preferable to fully complete the output of the electrical stimulation pulse 
signals through the associated electrodes 23 in 1/30 second to 1/24 second. 

Based on the above conditions, the internal unit 26 controls the output of 
the electrical stimulation pulse signals through each electrode 23. 

In the present embodiment, the electric wires 27 are connected in 
one-to-one correspondence with the electrodes 23. In this case, as the number 
of electrodes 23 formed on the substrate 21 is increased, the more electric 
wires need to be provided. This may cause a disadvantage to miniaturization 
of the internal device 20. In the case that a large number of electrodes 23 are 
needed, they are preferably provided on a wiring circuit using an active matrix 
system. Accordingly, the number of electric wires 27 is small, whereas the 
number of electrodes 23 can be increased. 

Fig. 6 is a schematic structural view of an electrode array having the 
wiring circuit of the active matrix system. Electric wires 27' are arranged in a 
grid pattern at the end of the substrate 21 where the electrodes 23 are placed. 
An active element 28, which is a thin transistor, is placed at each intersection 
point of the electric wires 27'. One end of each of the active elements 28 is 
connected with the electrode 23. 
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The active elements 28 connected with the electrodes 23 are turned 
ON/OFF through the electric wires 27' (X-electrodes) placed in the 

X-coordinate (XI, X2, ) shown in Fig. 6. The active elements 28 in the ON 

state are able to maintain the voltage as is and communicate with the electric 

5 wires 27' (Y-electrodes) in the Y-coordinate (Yl, Y2, ). Thereafter, the 

electric wires 27' in the Y-coordinate are applied with voltage to cause the 
target electrodes 23 in the ON state to output the electrical stimulation pulse 
signals. 

When such wiring circuit of the active matrix system is used, for 
1 0 example, sixteen electric wires 27' suffice for the sixty-four electrodes placed in 
the 8x8 arrangement in the present embodiment. Further, sixty-four electric 
wires 27' suffice for a thousand and twenty-four electrodes placed in a 32 x 32 
arrangement. 

As described above, the output control of the electrodes 23 by the 
15 internal unit 26 and the wiring circuit of the active matrix system may be 
combined. In this case, visual restoration can be achieved properly even 
when a multipoint electrode array formed of more electrodes is used. 

While the presently preferred embodiment of the present invention has 
been shown and described, it is to be understood that this disclosure is for the 
20 purpose of illustration and that various changes and modifications may be 
made without departing from the scope of the invention as set forth in the 
appended claims. 



